Distinct steps in DNA fragmentation pathway during camptothecin-induced apoptosis involved caspase-, benzyloxycarbonyl- and N-tosyl-L-phenylalanylchloromethyl ketone-sensitive activities.
Monocytic-like leukemia U-937 cells rapidly undergo morphological changes and DNA fragmentation that is typical of apoptosis following treatment with DNA topoisomerase I inhibitor [20-S-camptothecin lactone (CPT)]. The tripeptide derivative benzyloxycarbonyl-Val-Ala-Asp(OMe)fluoromethyl ketone blocks Asp-Glu-Val-Asp-ase (DEVDase) activity and prevents the occurrence of high molecular weight and oligonucleosome-sized DNA fragments associated with apoptosis in CPT-treated cells. In contrast, N-tosyl-L-phenylalanylchloromethyl ketone (TPCK) does not prevent DEVDase activity and high molecular weight DNA fragmentation but completely abrogates the appearance of oligonucleosome-sized DNA fragmentation. These results suggest that caspase 3-like activities are involved with high molecular weight DNA fragmentation pathway, whereas TPCK-sensitive activities are involved in oligonucleosome-sized DNA fragmentation pathway in CPT-treated cells. Electron micrographs reveal that caspase inhibition by benzyloxycarbonyl-Val-Ala-Asp(OMe)fluoromethyl ketone also abrogates the typical morphological changes associated with apoptosis, whereas TPCK does not delay these morphological changes that are typical of apoptosis. Caspase inhibition slows passage of the cells through G2 and causes a transient accumulation of these cells at the G0/G1 phase of the cell cycle following CPT treatment. In a cell-free system, when purified nuclei are incubated with apoptotic cytosolic extracts obtained from CPT-treated U-937 cells, TPCK causes a similar effect in abrogating the oligonucleosome-sized DNA fragmentation but does not affect DEVDase activity. Addition of either benzyloxycarbonyl-Val-Ala-Asp-free carboxyl group or acetyl-Asp-Glu-Val-Asp-aldehyde completely inhibits DEVDase activity in these extracts. However, acetyl-Asp-Glu-Val-Asp-aldehyde does not affect the occurrence of oligonucleosome-sized DNA fragmentation in the cell-free system, whereas the benzyloxycarbonyl derivatives benzyloxycarbonyl-Val-Ala-Asp-free carboxyl group, benzyloxycarbonyl-Val-Ala-free hydroxyl group, benzyloxycarbonyl-Val-free hydroxyl group, and benzyloxycarbonyl hydrazide abolish it markedly. Taken together, these observations show the pivotal role of DEVDase activity in triggering the apoptotic process and high molecular weight DNA fragmentation, whereas TPCK- and benzyloxycarbonyl-sensitive activities are involved in the oligonucleosome-sized DNA fragmentation pathway induced by CPT.